ABSTRACT
INTRODUCTION
Inflammatory bowel disease (IBD) is associated with a significant negative impact on quality of life (QoL) both during relapse and remission [1] [2] [3] . Poor QoL and psychological distress are related to, among others; active gastrointestinal and systemic symptoms, [1, 4] embarrassment [5] and social impairment [4] . Despite this, almost half of patients with IBD report that their doctor does not ask about the impact of their disease on QoL [3] .
Malnutrition is a common consequence of IBD [6] and contributes to poor QoL [7, 8] .
However, in IBD, access to information regarding diet and nutrition is variable [9] , addressed by clinicians in a minority of patients [10] and focuses more on specific issues such as enteral nutrition [10] [11] [12] rather than ongoing nutritional management or psychosocial impacts.
Meanwhile, there is growing evidence that IBD has a significant impact on the psychosocial aspects of food, termed food-related QoL which encompasses achieving adequate nutrition, deriving pleasure and maintaining social activities through eating and drinking [13] [14] [15] [16] .
Although evidence supporting the role of food and drink in IBD aetiology and symptom exacerbation is mixed [17] , patients have strong beliefs about the role of "trigger foods/drinks". In response many patients make substantial dietary changes [18, 19] , including omitting specific foods/food groups [20, 21] or severely restricting the quantities consumed [14, 20] , as coping mechanisms to address the "lifelong struggle" of knowing what to eat [22, 23] . Consequently, patients with IBD can feel excluded from social interactions involving eating and drinking, resulting in stress and anxiety [14, 24, 25] , alienation from friends and family [24] and guilt at letting others down [14, 20] . The impact of food restriction and social withdrawal has particular relevance in IBD where diagnosis often occurs in young adulthood when patients are forming new relationships and building careers. Social isolation may contribute to the high rates of depression and anxiety in people with IBD [26, 27] . 5 Despite these numerous qualitative studies demonstrating profoundly impaired food-related QoL in IBD, no study has formally assessed the prevalence of these issues or whether targeted intervention can reduce its impact. This is undoubtedly due in part to the lack of a valid and reliable tool to measure food-related QoL in IBD. Although numerous tools are available to screen for malnutrition risk [28] , only a small number of questionnaires measure the broader psychosocial aspects of eating and drinking, none of which are specific to IBD.
The aim of this study was to develop and validate a food-related QoL questionnaire specifically for patients with IBD. A reliable and valid tool that quantifies this phenomenon could be used to measure the prevalence of such problems and to develop and evaluate interventions to address them.
MATERIALS AND METHODS

Development of the questionnaire
Questionnaire items were generated from semi-structured interviews relating to the psychosocial aspects of eating and drinking among 28 people with IBD [14] . Verbatim quotes were reviewed by a steering group consisting of a gastroenterologist, dietitians, a medical sociologist and a psychologist to remove items of low relevance to the phenomenon under investigation, to remove duplicate statements and to ensure that the wording of the items was appropriate. Three people with IBD, one gastroenterologist, one IBD specialist nurse and one health psychologist outside of the research team reviewed the items for readability and small changes were made to aid comprehension.
In order to reduce the number of potential items and to include only those that were of most importance, 100 patients with a confirmed diagnosis of IBD were recruited consecutively from routine out-patient appointments at IBD clinics in hospitals across London, UK and were asked to rate each statement as to:
whether the issue had been important to them in the past two weeks; and
(ii) the strength of importance on a five point Likert-type scale.
An overall "importance score" for each potential item was calculated by multiplying the proportion of patients indicating that the item was important (i) by the mean strength of importance (ii) [29, 30] . Ceiling and floor effects were investigated and items were removed if ≥80% of patients responded with the minimum or maximum "importance score" [31] . Interitem correlations were calculated for the "importance score" and items with correlations of ≥0.8 were discussed by the steering group and the item considered to have the best face validity was retained. A healthy volunteer control group was recruited as well as a chronic illness control group comprising patients with asthma. Asthma was chosen as the chronic illness control to ensure that any differences found in responses by IBD patients were specific to the condition itself, rather than to having any long term condition [39] . Participants in both control groups were ≥16 years old, able to read English, consent for themselves and able to eat independently. The same exclusion criteria as for the IBD group applied with the additional criteria that the control participants had not experienced digestive symptoms in the past month or been diagnosed with a gastrointestinal illness at any time. Healthy volunteers were recruited via a circular email to staff and students of a university in the same geographical location and subsequent snowballing. People with asthma were recruited both through circular email to staff and students of the same university and from specialist asthma clinics, in order to recruit a range of disease severity and geographic location comparable to the IBD sample. Control participants completed the same questionnaires as IBD patients with the exception of diseasespecific quality of life. The asthma group completed the Asthma Control Questionnaire [40] and the healthy volunteers completed the SF-36 [37] only.
Local NHS research ethics committee approval was obtained before conducting the study.
Participants were only recruited after informed consent.
Psychometric analysis of the questionnaire
All statistical analysis was performed using SPSS v20 (IBM, United States).
The underlying factor structure of the questionnaire was identified using Principal
Components Analysis (PCA) with varimax rotation on the FR-QoL data from IBD patients.
PCA is a statistical technique identifying which items fit together to create latent "factors"
and which items explain the most variance within the scale [41, 42] . Factors were considered important if their Eigen value >1.2 and items that did not have a factor loading of at least 0.4
were considered for removal as this indicates that they were not measuring the intended phenomenon i.e., food related QoL [41] .
Internal consistency relates to whether all items of the scale are reliably measuring the same construct. This is assessed by correlating each item with every other item. The test statistic,
Cronbach's α, should exceed 0.7 for good internal consistency [43] .
Concurrent validity was established by correlating the FR-QoL sumscore with the IBD-
, SF-36 [37] , HADS [36] and SWFL [35] as these separate questionnaires were determined to be measuring similar constructs as the FR-QoL and are well validated.
Pearson's r correlation co-efficient should be in the order of 0.7 to indicate that the FR-QoL questionnaire is measuring a similar construct to these validated questionnaires but that there are differences to justify a new measure [44] .
Discriminant validity of the questionnaire was assessed using the "known groups"
method [45] to determine if the questionnaire differentiates between groups that are theoretically expected to differ a priori [46] . The healthy volunteer and asthma control groups are expected to score better on FR-QoL than the IBD group. This was analysed using ANOVA with Bonferroni adjustment to reduce Type I error. In addition, IBD patients with low disease activity are expected to score better than those with high disease activity; these two groups were compared via t-test.
Test-retest reliability was assessed by requesting the first 100 patients with IBD to complete the FR-QoL again four weeks later. However, patients were excluded from this analysis if during the four week period, they self-reported that their IBD symptoms had improved or worsened; if they had had an acute illness or had been out of their usual routine (e.g. on holiday), all of which could impact on psychosocial aspects of eating and drinking and therefore result in a legitimate change in FR-QoL responses. Test-retest reliability was measured by calculating the intra-class correlation and kappa coefficients of FR-QoL sumscores.
RESULTS
Questionnaire development
A total of 148 people with IBD were approached to participate in the questionnaire development and 100 (67.6%) subsequently returned a completed questionnaire. Table 1 summarises the sample characteristics. Mean age of these participants was 43.4 (SD 2.9)
years, 46% were female, 64% had a diagnosis of CD, 32% UC and 4% indeterminate IBD. A total of 34% self-reported active disease and 32% had received IBD-related surgery at some point. Demographic characteristics did not differ between responders and non-responders (all p>0.05) and the sample was representative of the UK IBD population [47] .
A total of 150 potential items were analysed. The proportion of people who responded that an individual item represented an issue that had been important to them in the past two weeks (yes/no) ranged from 0.1 to 0.8. The mean item strength scores ranged between 2.1 (SD 1.5) and 3.8 (SD 1.6) (minimum 1, maximum 5) and the overall importance scores ranged from 0.22 to 2.50. These data informed discussion within the steering group of which items should be retained. A total of 41 items were retained for validation (FR-QoL-41). had a low risk of malnutrition [38] . The mean number of years since diagnosis was 11.0 (SD 10.8) ranging from less than one year to fifty-five years. The sample was representative of the UK IBD population in secondary care [47] .
Questionnaire validation
A total of 100 people with asthma and 117 healthy volunteers were recruited as controls. Table 2 shows comparable demographic characteristics across the three groups. The proportion of female participants was significantly lower in the IBD group than both the asthma (p<0.001) and healthy volunteer (p<0.001) groups, although the latter did not differ from each other. The proportion of current smokers was higher in the IBD group than in the healthy volunteer group (p=0.06).
Principle Components Analysis
Individual items were checked for ceiling/floor effects. Less than 5% of respondents scored the highest or lowest possible score on both the initial questionnaire (FR-QoL-41) and the reduced questionnaire (FR-QoL-29).
A Principle Components Analysis (PCA) was carried out on the 41 item questionnaire (FRQoL-41) to determine the factor structure and identify any redundant items. A total sample of 272 gives a cases-per-predictor ratio of 7:1 which is in keeping with rules of thumb for this type of analysis [48] . The Kaiser-Mayer-Olkin measure of sampling adequacy (KMO=0.95) and Bartlett's test of sphericity (p<0.001) met the criteria for performing PCA [49] .
The initial PCA showed 7 eigen-values >1 which accounted for 68.4% of the variance, although factors 6 and 7 had eigen values of 1.17 and 1.06 respectively indicating weak factor structures. Items were removed if their factor loading were ≤0.4 as this indicates that the item is not strongly associated with the factor being measured (food-related QoL). In addition, PCA shows how the internal reliability is affected by removing each item. By using an iterative process to remove items that were not strongly and reliably associated with foodrelated QoL, the questionnaire became more parsimonious. Table 3 
Internal consistency
The internal consistency was excellent for both the FR-QoL-41 (Cronbach's α=0.962) and the FR-QoL-29 (Cronbach's α=0.959). Removal of the items from the FR-QoL-41 did not impact on the reliability of the scale.
Concurrent Validity
Mean sumscores for the FR-QoL-41 and FR-QoL-29 significantly correlated with sumscores of the IBD-Q [32] , HADS [36] and SWFQ [35] in the direction and magnitude that would be expected (table 5) 
Discriminant validity
For the IBD group only, patients were dichotomised as having remission/mild or moderate/high disease activity using scores of ≥8 on the Harvey Bradshaw Index for CD [50] and ≥5 for the partial Mayo Score for UC [51] . For the FR-QoL-29 sumscores, one-way ANOVA with Bonferroni adjustment between the IBD (N=314), asthma (N=100) and healthy volunteer (N=117) groups was significant (F(2,478) = 101.29, p<0.001), with food-related QoL being significantly lower in patients with IBD (mean=89.5 (SD 28.6)) compared to both the asthma (mean=125.4 (SD 24.1); p<0.001) and healthy control groups (mean=123.0 (SD 16.5); p<0.001) (Figure 1 ). In contrast, scores of the FR-QoL-29 did not differ significantly between the asthma and healthy control groups (p=1.00) indicating that the questionnaire has excellent discriminant validity. The same pattern of results was found for the FR-QoL-41, as seen in Figure 1 .
FIGURE 1 AROUND HERE
Test-retest reliability
Analysis was performed on 63 IBD patients who reported no change in their IBD symptoms in the 4 weeks after completing the first FR-QoL questionnaire. There were no significant differences between demographic characteristics of patients who were and were not included in the analysis. 
DISCUSSION
Recent research has highlighted the importance of psychosocial factors relating to food in the lives of people with IBD [13, 14, [20] [21] [22] [23] . Currently, no tool is available to measure the prevalence and magnitude of this issue or to assess the impact of any therapeutic intervention designed to alleviate it. This study aimed to develop and validate a food-related QoL questionnaire for use in both the IBD clinic as well as research trials.
The PCA resulted in a 29 item questionnaire (FR-QoL-29) explaining 63.9% of the variance.
The loss of only 4% of the variance and 3 factors after removing 12 items from the FR-QoL-41 indicates that these items were not adequately measuring food-related QoL. The internal consistency of the final FR-QoL-29 was excellent. The factor loading matrix (table 4) shows that all items load highly onto the first factor, suggesting an overall "generic" food-related
QoL factor that all items are measuring and as such, the sumscore of the FR-QoL-29 should be used in subsequent studies.
Principle components analysis was used to reduce the number of items in the questionnaire and determine the underlying factor structure. PCA follows classical test theory which assumes that the true score is a combination of the observed (or test) score and the error associated with answering that question. The assumption is that the true and error scores are uncorrelated, i.e. that no one item is more difficult to answer than other (resulting in more error across a sample). We chose to follow classical test theory over the more recently introduced item response theory as the FR-QoL questionnaire is designed to be used in its entirety rather than as individual items and that there is no causal link between the items and the underlying construct, both of which are assumptions of item response theory. Due to the underlying model of classical test theory, it is also possible to use a smaller sample as long as it is representative of the population, which is the case in the current study.
Validity of the questionnaire was tested in a number of ways and was shown to be highly favourable. The FR-QoL-29 had good discriminant validity, suggesting that it is measuring a phenomenon related to living with IBD, rather than simply to experiencing a long term condition. The direction and magnitude of the correlations between the FR-QoL-29 and a number of food-related, generic and disease-specific QoL measures indicated good concurrent validity. The moderate to strong correlations indicate that a construct similar to, but unique from, food satisfaction, disease activity and overall QoL is being measured by the FR-QoL-29.
Previous research indicates that both the nutritional and psychosocial aspects of eating and drinking are important to people with IBD [13, 25] . Family celebrations and religious occasions have been reported as being "no longer joyful" because of food restrictions related to fear of relapse [14, 24] , whilst the uncertainty of the impact of eating on bowel function can restrict travel [23] and autonomy due to the perceived need to be near a toilet [14, 24] . The inclusion of items relating to socialising and the cognitive and emotional factors related to eating and drinking in IBD therefore allows for these important constructs to be measured in a valid way for the first time. Generic QoL as measured by the SF-36 [37] is known to be lower in long term conditions including IBD than the healthy population [52] . Interventions targeting poor QoL in IBD have so far focused on stress management, [53, 54] however they have ignored the potential stressors around eating and drinking and the use of unmonitored dietary changes as a mechanism for coping with symptoms in IBD [18, 19] .
The FR-QoL-29 was stable over time with excellent test re-test reliability in participants who reported no change in their IBD symptoms over four weeks. This, coupled with the significantly lower scores reported by IBD patients compared to controls suggests that food-related QoL is an important and ongoing issue in IBD, supporting previous qualitative research highlighting this issue [14, [20] [21] [22] [23] .
No differences in either validity or reliability were found between the FR-QoL-41 and the FR-QoL-29. As the 29 item version is briefer and does not compromise the explained variance, the final version of the questionnaire includes 29 items, measured on a 5 point Likert-type response scale ranging from 1 (definitely agree) to 5 (definitely disagree).
The questionnaire benefitted from the items being developed directly from verbatim quotes from people with IBD discussing the psychosocial issues around eating and drinking ensuring it is grounded in what is important to IBD patients. The sample of IBD patients in both the development and validation of the questionnaire was large and representative of the outpatient population across the spectrum of disease activity and experience to ensure generalisability. A limitation of the study is that participants in the validation sample completed the entire 41 item version and the items that were subsequently removed could have had priming effects on the answers to the retained items, affecting the scores that were given. Further validation using the final 29 item version should be carried out with confirmatory factor analysis to ensure that the favourable validity and reliability remains.
The FR-QoL-29 questionnaire is a short, self-report questionnaire that has demonstrated good reliability and validity in measuring the psychosocial aspects of eating and drinking in IBD.
During this initial development and validation of the questionnaire, it was not possible to establish the responsiveness of the questionnaire to detect a change or to determine the minimal important change [55] . The next steps will be to identify how food-related QoL is related to the patients' clinical condition and the ability of the FR-QoL-29 to detect this, in order to develop an appropriate intervention to address this important but underacknowledged patient-related outcome.
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